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(sJ) Heat removal in gas conversion process. 



(57) A vaporizable cooling medium, suitably pen- 
tane, is used in a gas conversion process, for 
example a Fischer-Tropsch process, to con- 
sume and be vaporized by the exothermic heat 
of reaction. The thus vaporized medium may 
then be expanded to produce energy, for 
example to drive an air plant compressor to 
produce oxygen for use in the gas conversion 
process. 
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This invention relates to the use of an inert, con- 
densible medium, for removing heat from hydrocar- 
bon synthesis reactions, for example a Fischer- 
Tropsch process. 

Fischer-Tropsch processes invariably use water/ste- 
am as the cooling medium for this exothermic proc- 
ess. Thus, boiling water is pumped through cooling 
tubes in the reactor. As the reaction proceeds and 
heat is generated, it is absorbed by the water convert- 
ing it to steam and thereby using the latent heat of va- 
porization to control reactor temperatures. Fischer- 
Tropsch reactions, particularly on a commercial 
scale, require many, many cooling tubes, whether for 
fixed bed or slurry operations, for maintaining proper 
temperatures. Thus, the risk of a tube failure or weld 
leak is compounded significantly. In the event of a 
tube leak, the contents of the reactor are normally at 
a higher pressure than a boiling water/steam coolant 
and reactor contents will leak into the cooling system 
resulting in severe contamination and ultimately shut 
down of the process. While steam/water cannot be 
pressurized to greater pressures than trte reaction 
process, because the temperature would be too high, 
even if it could, a leak of steam into the process will 
tend to deactivate the Fischer-Tropsch catalyst. 

In accordance with this invention, an inert, con- 
densible medium, boiling at a pressure at or above, 
preferably above, the reaction pressure is employed 
as the cooling medium for Fischer-Tropsch reactions. 
(For purposes of this invention, inert means inert with 
respect to the relevant reaction, for example a Fisch- 
er-Tropsch reaction.) By using a material such as 
pentane, for example, which vaporizes at or above 
Fischer-Tropsch, or other, reaction pressures, cooling 
tube leaks will not lend to reactants or reaction prod- 
ucts entering the cooling system. Rather, the pentane 
will leak out of the cooling tubes and into the reaction 
mixture where it will have no effect either on the cool- 
ing system or the Fischer-Tropsch process. In fact, n- 
pentane, for example, is a product of the Fischer- 
Tropsch process. Thus, the process makes hydrocar- 
bons, such as C 5 + paraffins, and the process can 
thereby supply the cooling medium make up require- 
ments. 

In a preferred embodiment, the high pressure va- 
porized coolant is expanded through a turbo-expan- 
der, for example, or any piece of equipment that can 
take advantage of the work energy available. The en- 
ergy thereby produced is recovered and utilized in the 
Fischer-Tropsch process, but is preferably used to op- 
erate compressors, particularly air plant compressors 
for separating oxygen from nitrogen so the oxygen 
can be used to generate synthesis gas for use in the 
Fischer-Tropsch process. 

In the accompanying drawings, figure 1 shows a 
schematic arrangement for using pentane as the cool- 
ant for a Fischer-Tropsch process; and 

Figure 2 shows a schematic for producing synthe- 



sis gas using an air plant. 

The Fischer-Tropsch process is a well known 
process and operates at temperatures ranging from 
about 175-400°C, preferably about 190°C to about 

5 275°C, and pressures of about 1 to 100 atmospheres, 
preferably about 10-40 atmospheres. 

Essentially, the Fischer-Tropsch process con- 
verts synthesis gas, CO and hydrogen, in ratios rang- 
ing from about 1/1 to 4/1 , preferably 1 .5/1 to 2.5/1 , to 

10 higher hydrocarbons, e.g., C 2 +, preferably C 5 +, over 
a Group VIII metal, preferably cobalt, supported cat- 
alyst. The cobalt may be promoted with a variety of 
materials, e.g., ruthenium, zirconium, rhenium, hafni- 
um, titanium, etc. The catalyst support may vary wide- 

15 ly and is usually selected from a group containing re- 
fractory metal oxides, e.g., silica, alumina, silica-alu- 
mina, titania, or zeolites. 

The cooling medium must be inert, condensible, 
and at its boiling point is at a pressure greater than 

20 the reaction pressure. Suitable coolants are liquid 
paraffins (at room temperature) such as C 4 to C 10 nor- 
mal, iso and cyclic paraffins, olefins, substituted cy- 
clic paraffins, e.g., methyl cyclohexane, low molecu- 
lar weight silanes and silyl ethers, oxygenates silt- 

25 cone oils and their light analogs. Preferred materials 
are normal, iso, or cyclic paraffins, particularly C 4 to 
C7 paraffins, particularly C 5 -C 6 paraffins, e.g., n-pen- 
tane. 

Turning now to Figure 1, reactor 10 may, forex- 

30 ample, be operating at Fischer-Tropsch conditions of 
15 atmospheres and 220°C. Liquid, high pressure 
pentane, e.g., about 25 atmospheres, stored in drum 
14 is used to cool the reactor by flowing through line 
13 into the reactor and through cooling tubes 12, ab- 

35 sorting the heat of reaction and vaporizing. The vapor 
is removed through line 15 and through the overhead 
of drum 14 at about 24 atmospheres (allowing for 
some pressure drop in the lines) and at about 190°C. 
The vaporized pentane is then sent by line 17 to ex- 

40 pander 18 where the high pressure energy is recov- 
ered. The low pressure vapor leaving the expander, at 
about 105°C and 1.5 atmospheres, is fed by line 19 
to condenser 20 where the pentane is liquefied, i.e., 
by cold water.or air, to about 50°C and then pumped 

45 up to pressure in pump or compressor 21 and then 
back through the storage drum 14 and the reactor 10 
for another cycle. 

In a preferred embodiment, at least a portion and 
preferably a substantial portion of the energy recov- 

50 ered from the expander is used to drive compressors 
for an air plant which separates oxygen from nitrogen. 
Additionally, the energy can be used to drive other 
compressors or turbogenerators which produce elec- 
tricity to be used in the process, e.g., for driving com- 

55 pressors, pumps, etc. The oxygen recovered from the 
air plant is used, preferably in combination with steam 
and natural gas or other hydrocarbons, e.g., lower hy- 
drocarbons, such as C r C 4 alkyls, and preferably the 
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presence of a reforming catalyst, e.g., 1-10 wt% nick- 
el on alumina, to produce CO and hydrogen, prefer- 
ably in a fluid bed process operating at about 1 600°C- 
2000°C and 15-40 atmospheres. The CO and hydro- 
gen are subsequently reacted in reactor 10 to pro- 
duce hydrocarbons comprising C G + liquids. 

This preferred embodiment is illustrated in Figure 
2 where the energy recovered from the expander is 
used to compress air entering the air plant 40 via line 
41 where the compressed air is separated into nitro- 
gen disposed of through line 44, and oxygen in line 
45. The oxygen is fed to synthesis gas generator 50 
where it is combined with natural gas, e.g., mostly 
methane, from line 47. Both the oxygen and the natu- 
ral gas may be diluted with steam, lines 48 and 49. 
The synthesis gas is recovered from line 51 cooled in 
condenser 53 and forwarded to the Fischer-Tropsch 
reactor via line 54. 

Essentially, operation of an air plant involves 
compressing and cooling air, first by water or ambient 
air, then by returning process streams (0 2 , N 2 and 
"waste" mixtures of 0 2 and N 2 as they are being 
warmed) and by reboiling the fractionation column, at 
which point the air is substantially condensed. 

The air is then flashed into a tower, where it is 
fractionated and the products warmed against incom- 
ing air. 

The use of non-corrosive hydrocarbons or sili- 
cone based fluids as cooling media eliminates the 
need for desalinization of water for a water/steam sys- 
tem. While a pentane system is not quite as efficient 
as a steam/water system, this is not a significant is- 
sue since excess steam is typically available in such 
systems; and the advantages of eliminating leak 
problems are manifest and, in the long run, the eco- 
nomics are more favorable. 



4. The method of claim 3 wherein the cooling me- 
dium is a C4-C7 normal, iso, or cyclic paraffin. 

5. The method of claim 4 wherein the cooling me- 
5 dium is n-pentane. 

6. The method of any preceding claim, wherein the 
high pressure, vaporized cooling medium is ex- 
panded thereby creating energy, and a substan- 

10 tial portion of the energy is recovered and used 
in the hydrocarbon synthesis process. 

7. The method of any one of claims 1 to 5 wherein 
the high pressure vaporized cooling medium is 

15 expanded, thereby creating energy and a sub- 
stantial portion of the energy is recovered and 
used for driving compressors in an air plant. 

8. The method of claim 7 wherein the air plant sep- 
20 arates oxygen from nitrogen and the oxygen is 

reacted with a lower hydrocarbon to produce hy- 
drogen and CO. 

9. The method of claim 8 wherein steam is present 
25 during the reaction of the oxygen and the hydro- 
carbon. 

10. The method of claim 8 or claim 9, wherein the CO 
and hydrogen are reacted in the hydrocarbon 

30 synthesis process to produce C 2 + hydrocarbons. 



35 



Claims 

40 

1. A method for removing heat from a hydrocarbon 
synthesis process reaction zone, which compris- 
es passing a cooling medium through the reac- 
tion zone, in indirect heat exchange therewith, 
thereby vaporizing the cooling medium; the cool- 45 
ing medium being inert, condensible, and vapor- 
izing at a pressure which is at least as great as the 
pressure in the reaction zone. 

2. The method of claim 1 wherein the reaction zone 50 
is at a temperature of from about 175°C-400°C 

and a pressure of from about 0. 1 to 1 0. 1 M Pa (1 - 
100 atmospheres). 

3. The method of claim 1 or claim 2, wherein the 55 
cooling medium is selected from C 4 -C 10 normal, 

iso, and cyclic paraffins, olefins, low molecular 
weight si lanes, silyl ethers and silicone oils. 
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